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COMMIRICATION VIA KLECTRIC POWSR-TRANSMISSION LINES OF USSR

. Ya. L, Bykhovekiy
Candidato in Technical Solomoces

[fote: Muzmbers in parenthoses refer to tho bibliography/

In 1929-1970, Engineer V. A. D'yakov (now Doctar of Tachnical Scioaces
.Professar) and a group of collaborators in TsLPS (Central Labore“ary of Conzani-
cations) attempted to devalop his complex problemo of high-firequency commnicaticn -
orver the eleotris pover 1lines (2). As a result of these works, individual ylante
began to proluce gtations of the IPX-2C, IPE-17 and DPK-28 typo; vorious suxiliary
eqipment, ED, KU, VP; “igh-voltage condemsers, ani others. Up to 194 the

Sovicabel” plant made posaible commmication via the power aystem with its pro-

duotim of high-frequency feeder cables. At tue begiming of the var, tho total
length of high‘ffnm-cmmtim channels on elsctric transmismion lines
was about 5,000 ion in epite of the fact that tens of high-voliages 1ines vere
m!.’god with high-frequency links. In 1941, Engineor Kruglyekov in the “Krasnaya
Zarya” plant ficished the verk om ehields for high-frequensy systems (3).

The doctors® theses of V. A. D'yakev end V. I. Ivancv were concernsd with
tbe theory of high-frequency commamicaticn over pover lines. Original vorks in
the fiald of high-frequency-line shislds ara rjescarch of cirouit pareamsters were
carried out by Engineer Ye. A. Karpovich (4).

Tecmical Data of =) uenc on Electric Transmiesion Linsse

Commnication over high-voltege lines 1o distinguished from othor muenn
() the use of high frequency to maintain the stadility of the power system 1:’
orntrolling telsphone comunicatione, tolewschanics, axd ahl2l2ing, emd (b) the
neoessity of edapting high-freguency appersias to working conditiens of high-
Toltage lines which are comsiricted primarily for the tranamission of electric
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m neud 2oar flitering lndusirial frequency of 50 cycles at veltagos of
'100-200 kv and currents of 400-800 cap in narms) operation and 20,000-30,000 emp
‘[B1g] in emergency operation and the filtering of commnicaticn frequencios ied -
t0 a significant separaticn of frequancies {the lover limit of high-frequency
commmnication over elsotrical transmiasiom lines is arcund 50 ke). It has elso
et led to the deslign of special equiment for comnections and operations -- coupling P
! sondensers vith campensetor axrangements or coupling filters end regonance f£ilters RS
{cometimes these are oallod high-frequency limits). o

The uppsr froquency limit was 150 ke in the USA and 200 kv in Eurcpe; at
prescat 1t has been oxtended to 300 kc. This limit doponds on the atismation
lovel of the high-frequemoy channel and interference from radio stations.

Coupling cendensers and rescnance filters are very insecurs, expensive, and
are deficient companenta of eguipment for high-frequency comamication over
transminsion lines. The capasitance of ocndensers cn 120 kv is 2,202 or 4,400
miorcadoroferads, the inductense of the powsr choke coila alang vhich the fuzl
ourrent of the line load flous is between 0.1-0.2 millibenries. Changing of
theae o inoreesing the number of circult couponenis is very 4408 cnlt.
This limits the geleotion of gystees emd circuit perameters for high-fregquemey . L R
okarmels on tranemission lines. ; o h

Widening the bands of the transaission frequmciu {for sxample, for the
trensmdenion of tolemechanis signals alang the above-voice frequency ohannel)
is dif?isuit due to the neceselty of increasing the iniuctance of the power-
1ine colls cf the rescusucs filters. At preasct 100-200 kg of copper are uged
to maufacturs such a coil. Increasing the inductance not only makee necessary
s greater expcmutnre of copper, “ut also brings about a series of additional .. ..
d1fTioulties in regard to dimensions, strengthening and insulating the ccmponents.

. %he interference levels in high-voltage linss depends on the corwaa effects, .
loaknge, particle oharges, and also on the extemt of awitohing-in at various e, e
points of the oircuit. These lovols are mmch higher than on reguler commmication i .. "¢ "1
1ines. In tho operating range at a tund ridth of 5 k3, the avmgn interferense BT I :
level on 110-kv lines is sround 4.5 nep, and on 220-kv lines aboat 2.5 nep. In
emergency operation (with the high voltage removed from “he line) tho interference
lovel 19 decreased 6 to 7 mep. Attenuation of the commmnication chsnnei along &
150-km line with a single-phase circuit is calculated by an empirical formila,
enabl%a?od by the author in 1939 as the result of measureasnts on & series of
lines (5).

Attemmation of the commnication chennel along a8 150-icz line having two
substations is around 5 nep at a froquency of 196 ko. Without sudstation in-
tervals, the channel attonuation at the same frequency wwuld decrease to 3.5,
and at a frequency of 49 ke to 2.15 nep.

The length of the commmiocation charnels is detexmined by the atructure
of the distridution ayatem and configurationas of the high-voltage oirounit. It
varies within vide limits from several tentus to several hundred kilometers. .
Nost of the high-frequency chanmels are from 100-200 kam long, with mot more than tu:
substation intervals at lengthe of 200 km.

nolramﬂmw.hvmfrmlabncpforﬁbandmOhlmgth
vithmtbrcnchoimutntoGBnnrﬂw}OObmdeOOkmﬂtamhmchoiravits

Accoréing to the norms for lmg-8istencs cammmioation, <he oignal levsls
ahould be higher by k.75 nep than the interfoveuse levels. Howevar, an transmiesio:
1ines it is 4ifficult to maintain the norm. ¥From the sxprrience of USSR power
systeme, it can be sstabliushed that on the besie of a provisionai norm for high-
freyumicy commnication along transxissicn lines, the signal level i3 3.5 nep

above the interference lsvel, which corresyunds to an shsolnte oignal level of

1.25 nep for a 110-km 14ne. Iun e transmizsion of a carrier and two aide bande

at 100 percent modulation, the ocsrrier level is equal to the side-hand frequency
level, 1.e., it should “e no lower than -1.25 nep.
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At & 40 porcent modulatien, ths carrier level should be 0.9 mep highar, 1.e.,’ S e
_equal to <0.3%.nep (for the transmission of a single side bend, the level should . . = . . .- oo . *

be otill higher by 0.7 nep, 1.6, in the given Cams it Wwould be 4 035 mep) LI
vs assume that the high-fraquemcy communication ayetem is going to tranamit 5 nep
without amplification at & modulation coefficient of 0.4, then the carrior levels

of the transmitier output should be egual to 5-0.35 : b.65 nep which corresponds

to & power of 1l vatts in a tslaphane circult. .

A very impartant charscteristic ls the low value of the crose-talk attenuation
botwoen high-voltage lines, being arcund ? nep for 1ines going in one and the
seme sudstation. L

Since, between thé trensmitter of ame channel and recelver of smother, thare
should be an attsmuation of the order of 1L.5 nep in arder to avold noticeable
intsrtorence {ihe transmission level is . 3 nep, receiver level at mBXimum Senoi-
tivity is' -3 nep and the differonce betveen the receiver level and oross-talk
1evel is 6.5 nep ascording to the novms accepted for lang-dlstance cosemmnication
equipment), the use of the same froquencies in possible aaly in o very large
system on lines which are separated a considerablo distance from each other.

the need of ths cammmnioation chammels in eny given line dspenl on tue use of
mltigronp telephane installaticms. It is necessary to limit a given line to
one cominioation channel 3o that all on & greatsr part of the line could 1)
used for high-frequency commmumicution purpooes.

o ‘;“"; The need of dividing the frequencies for all power systems as a vhole and S ' L

quency Cowmmicstion

e cel s —————— .

Teoknisul-soomouical requiremsats of high-frequency comgmnication ovexr o
oleotrical trensmission linee sre unususlly nigh. The roliabdility of an elactrical i v i
transuisaion iine is much greater than a regular commnication line. 'The Biability .- :. 9
of high-frequency commnication over transafesion llues ie comperable to commmi- AL
ostion over underground calles. e : i 3

The volume of capital outlay (equipment and ssgembly) cm the construction of
commmication ohannels an 110-kv lines in 1941 was arcund 100,000 rubles, 1.e., i
Jees than the amount neadsd for the conétrustion of 50 ka of overhead commmication ’
1ines. The level of the uss of commmnicatimm channels fo limited by consuaption

of tubes and by periocdisc modifications. :

Poonemic imdexes of high-frequemcy installations can be increased aignifi-
cantly by mxitiplo use ¢? ccupling ocndensers and the high-frequency astations. In
mom,mmwmmmmmimtwmudfutbyanatrm
SELT o complication of the apperatus and sudsoquent lowering of its reliadbilivy. A
AR i ompronise betveen the eccnmmical and exploitation interestc shouid be maintained.

Zrsoexiseion Systess
At the present time moet of the high-fregquency establishments operate with
qnmmmmnmmwzonot%.emiemmnubmu.
Bowever, this ‘rensmissicn aystom is being displaced by more officlent anes froa
mvmdammwmmumumwmmum

systeus such as eingle side-tend transmission with s suppressed carrier or a
dampet ourrier, or s frequency-moduletion system with a low modulaticn faster (6.

Coxperntive indexes of the vericus trensmission systems are given in the
following teble. . '
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Transnission Band Rangs . Remarlm
Syaten width  (nep) - e
Asplitade modulaticn; B ‘ 4
osrring and two : . The acscepted modulation
alde bands 5 b, Tactor is egual to
100 percent
Amplitude modulation;
omrriar and single by ~ 0.05 © Flat interfereaces
#3d0 dand 2.5 by + 0.3 Impulee intserferences .
Ampiitade modulation;
without sarrier, single . bt 1.11 ) Flat interfersnces
side band 2.2 bo4- 1.52 Impulss interferences
Asplitade modulation; '
damped carrier, single bo 4 0-87 Flat interferences
oide band 2.5 by+- 1.22 Impulse interferenoos
Froquendy modulation; '
modulation factor by + 1.25 Flat interfarences
18 ogual o 1 5 by 4 1.k Inpulee Interfersnces

The sslection of a system 1a ammwmemm of the enterprise wuhich
it will serve. Por redio wark, it is essier to becces familier with freguency
mofnlation. Jor long-Aistsnge oqnmicaticn Prposes, carrisriess ar & damped
ocarrMer system vonld be dbest.

However, 1% 40 not possible to ahift fmmsediately all the attaimments of rogular '
comunicatims into an apparatus for power-system cuamsmication due .
wmmmmam.m; also, spscial oquipment would have
to B conatruoted.

It would also be impractical to apply the tecimology of Ligh-frequency
8 ocammnicaticn over eleotricsl trensmission lines to ordinary lomg-dictanse
ocummicgtions. The reslization i of a higk degres of autaamatic control of both
thesd systems desexrv/z spevial attention.

Mmcmﬁmﬂuummimmumw
regulir lmg-distance commmicati-n lines in the utilization of higher frequencics.
At the time vhen froquencies up to 50 ko ware used over rogular commmnication lines,
a dand from 50-150 ko was used on high-voltage linea. At the presecat time.
freguencies 1p to 150 ko are used on reghlar ocammication lines, whereas
& band 7p to 300 ko is used on the trensmiasiocx: linee. There ave fwrther
poseibilities of widaning ths range. .

High-fremency oa—mxéatim chamnels basicaliy appear as telemechanieations
of the power systess. mmmtwmmmzuunw
which permit 6-8 trensmissions through carrier modcletion vwith varions "tonal”
Sroquensios.

The frequencies of tanal chamels are selectsd by the formila =300+ n<120 oycles,
vhere WM = 1, 2, 3,eto. Such a frequensy allocation lmposes ocertain limits on the
rate of the telemsckanic instruments, vhioh should be no higher S
then 20 impulees a seccnd.

In the trensaission of o earrier and both side bends, & ¢ix-chamnel high-
fregquency agparetus cosupies a Yand of arcund 2 ko.

Telemetor mtiu- are calsulatod for simplex commmicaticns (transmission onl./
in o direvtiom). A signal level increass o7er the interforencs level ahowld nct
De more than 3 nep. Yor siz-chemnel otations with a trensmitter power of 10 watte.
this corresponds to a transmisgion range cf the order of 5 nop.
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Supermucneﬂ attenuation can be significantliy incrsased by the tranaiiicn <o

a gingle-band tranamicsion aystem or ¢o the trancmimsion «f groups of high Pvequu*c:ua-..; .
separated by 120 oycles. These syctems need qumz a’m’bi" 1zm They are vezy N

aimple rad mmke possible & rangs up to 8 nep.

Development of Bigh-Frequency Communication Appovatus in TeHIZL of
the Ministry of Blectric Power Stetions :

In Aprdl 1941 the Tochnical Council of KEKEP (People's Commissariat of the
Rloctrical Industry) conductsd conferehces o0 high-frequency commmication snd
high frequanny shields, at which tims ths problems of the representstives of
plants vhich developed snd preparsd equipment for high-frequency occmmmication wovc
z2opepted. Some of theas were the Orgros, vhere work was dome om exploltaticn,
modernization, and development of new types of high-frequency shields and the IAT
(Institute of Autcmatior and Telemechanice) of tho Academy of Soianoes, and othors.

After the var, o part of thusy problems was placed in the commmiestiom
laboratories of TeN1EL (Central Sciemtific Research Electrotechnical Iaboratory)
of the Minletry of Kleotric Power Stations. The absense of an industrial basis
lef't the TeNIEL to ocoupy itgelf with low-level productiom of high~frequency re~
colver--transmitter shields snd coupling filters vhich were devoloped in 1F45-1946.

Recently, work vas completed on s high-frequency .commication aystem smployia:
froquency modulation. This systex was installed on one of the 220-kv lines of
. A great deal of work is belng conductad in the labaratories on ths
utilization of Poreiga equipment. In 1947 work was being ccnducted on various high
froquency commnications systems, telemeters, and shields, and also an separato
ccapansnts of high-frequonsy apparatus.

It will be neceesary in the near future to orgenize an industcial base Lo
the production of all inntruments and rapid oquipping of the power system with
chem. .
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